Abstract: Since titanium dioxide was found to exhibit super-hydrophilicity under ultraviolet light, researches on titanium dioxide self-cleaning films have also been continuing. It has been proved that mesoporous structure of the film can improve its optical transmittance, reduce the light reflection, and improve the utilization of light, thus enhancing its photocatalytic activity. The doping of SiO2 in TiO2 can increase the number of hydroxyl groups on the surface of the film, inhibit the transformation of TiO2 crystals and increase the specific surface area, thus improving its photocatalytic activity and reduce the contact angle of water droplets, and eventually enhancing the self-cleaning effect of the film. In this paper, the effects of different volume fractions of SiO2 on the surface morphology, mechanical stability, wettability and photocatalytic activity of TiO2 films are explored in great detail. It has been found that the film shows a smooth, crack-free surface morphology at a volume fraction of 20% SiO2. After exposure to ultraviolet light, a contact angle of 0.75° can be obtained in a short time, and the film exhibits super-hydrophilicity. Moreover, a low contact angle is maintained for a long time after the lighting is stopped. Methyl orange is adopted to evaluate its photocatalytic performance. Under ultraviolet light, it can be almost completely degraded in a short time, showing great photocatalytic activity. All the mesoporous films prepared exhibit good optical permeability. At the same time, it has been found that the films prepared are of good adhesion and maintain acid and alkaline resistance under natural conditions.
Introduction
Since Fujishima [1] et al. discovered that TiO2 film shows superhydrophilicity after being irradiated by ultraviolet light in 1997. Because of its potential application value in self-cleaning and other fields, this property has attracted wide interest from domestic and foreign researchers [2] [3] [4] . When the surface of each type of glass or lens is coated with nano-TiO2, rain or mist attached to the surface of the glass will not form water droplets and rapidly spread into a uniform water film, thereby not affecting people's sightlines [5] . The surface coated with nano-TiO2 film has super-hydrophilicity, so that oil stains are not easily adhered, and even if the adhesion is combined with the outer water film, it is easily detached from the surface under external wind and water leaching conditions and achieves the self-cleaning function [6] . However, a single TiO2 film can only produce superhydrophilicity under UV light, and the adhesion between the film and the supporting substrate is not strong, which limits its use in technology [7] .Therefore, most of the current researches have centered around the modification of TiO2 ultra-hydrophilic thin films [8] [9] . Surfactants have a biparental function and can further improve the surface microstructure of the film by affecting the dispersion state and surface properties of the nanoparticles. Li [10] et al. used surfactant-modified nano-TiO2 to synthesize nanoTiO2 thin films that were not irradiated with ultraviolet light but had ultra-hydrophilicity. Liu [11] et al. used sol-gel method and dip pulling method to prepare TiO2/Fe2O3 composite film on ordinary glass slides. It was found that the hydrophilic energy of the film varies with the Fe2O3 mass fraction, when the Fe2O3 mass fraction is 0.05%~0.1%，an ultra-hydrophilic film with a contact angle of 0° was obtained. Because of its unique structure, mesoporous materials show a good application prospect in the fields of catalysis, adsorption and separation, host-guest chemistry, and so on, which has ignited the upsurge of research on mesoporous materials [12] . Compared with ordinary titanium dioxide, mesoporous titanium dioxide has an ordered pore structure and a higher specific surface area which makes it more advantageous in the field of photocatalytic self-cleaning. Studies have shown that the addition of SiO2 contributes to the adsorption of hydroxy groups on the surface of the TiO2 film, thereby improving its hydrophilicity [13] [14] [15] . Yin [16] found that the addition of SiO2 not only affects the grain growth during the calcination process, but also enhances the permeability of the film, and at the same time increases the acidity of the film to increase the surface hydroxyl concentration, thereby increasing the surface hydrophilicity.
In this research, mesoporous TiO2 materials were prepared by sol-gel method. Mesoporous materials were coated on glass substrates with self-made simple liquid flow method to produce selfcleaning mesoporous TiO2-SiO2 films of high adhesion, transparency, and high degree of wettability. Under short-time UV irradiation, the contact angle of the coating rapidly reduced to less than 0.75°, showing its super-hydrophilicity. At the same time, the effect of different volume fraction of SiO2 sol in TiO2 on surface morphology, stability, wettability and photocatalytic activity was studied in detail.
Experimental Section

Materials
Tetra-n-butyl titanate (TBOT, AR), tetraethylorthosilicate, anhydrous ethanol, and acetic acid were purchased from Sinopharm Group Chemical Reagent Co., Ltd. Concentrated hydrochloric acid was purchased from Xinyang Chemical Reagent Factory. P123 (Mn 5800) and polyethylene glycol PEG (Mn 2000) were purchased from Macleans. Deionized water was made in the laboratory. All chemicals were analytically pure and used without further purification
Preparation of thin films
Sol-Gel method was used to prepare mesoporous TiO2 and SiO2 sol, and then different proportions of SiO2 were added to TiO2 and stirred. Mix 0.5 g of P123 and 1.5 g of PEG into 100 mL of anhydrous ethanol, stir it violently with magnetic force for 10 min, and then ultrasonically heated it at 60 °C and dispersed it for 30 min. Add 20 mL of butyl titanate dropwise to the stirred anhydrous ethanol under magnetic stirring. Add 10mL of anhydrous ethanol, 5mL of acetic acid and 5mL of concentrated hydrochloric acid and 15mL of deionized water into the mixture prepared before, mix and stir it for 30min, ultrasonically heat it at 40 °C and shake it for 15min. in the end the mesoporous TiO2 sol is obtained. Similarly, mesoporous SiO2 sol can be produced. Dip clean silicate glass pieces in concentrated H2SO4 and NaOH for 24 hours and then put them into anhydrous ethanol for later use. Take out the processed clean glasses and seal one side was with a corrosion-resistant tape, and at last vertically fix the glass pieces in a special separatory funnel. Mix the mesoporous TiO2 sol and the mesoporous SiO2 sol mixed with different proportions, stir it magnetically for 30 minutes, ultrasonically shake it for 30 minutes, and dry it in a drying oven at 80℃ for 30 minutes. Then, the desired mixed sol can be obtained. Pour the mixed sol into a separatory funnel and immerse the glass pieces into the liquid. Turn on the flow switch to make the sol left on the glass pieces slowly, that is, to coat a transparent film on the surface of the glass pieces Take out the glass and dry them in a drying oven at 80°C for 30 min. After drying, strip the corrosion-resistant tape from the glass and heat them in a boiling furnace to 450 °C at 100 °C/h. Preserve the heat for 1 hour and then slowly cool them to room temperature. In this way, the mesoporous TiO2-SiO2 film was obtained.
2.3．Characterization
Ultraviolet spectrophotometer was used to study the transmittance of the film. SEM was employed to characterize the structural morphology of the film. The hydrophilicity of the film was represented by the contact angle, and the adhesion of the film was investigated through a standard grid method.
Photocatalytic activity and self-cleaning measurements
Under certain conditions, the property of keeping the surface clean and not easily contaminated is Self-cleaning. The self-cleaning and photocatalytic properties of the prepared samples were evaluated through oleic acid (purity greater than 60.0% (mass fraction)) and methyl orange. The selfcleaning properties of the photocatalytic material were evaluated by testing the minimum contact angle of the sample. Firstly, attach organic material (pretreatment) to the surface of the sample. Then irradiate it with a certain amount of ultraviolet light, measure the changes in the contact angle during the process and finally characterize the self-cleaning property of the sample [17] .
Result and Discussion
Morphology
The SEM image of powders and thin films are shown in Figure1.The pure TiO2 powder particles and the powder of de TiO2-SiO2 system SEM are shown in Figure1. (a) and (b). From (a) and (b), it can be clearly seen that the pure TiO2 particles have agglomeration phenomenon, which reduces the specific surface area of the catalyst, and leads to a decrease in its photocatalytic efficiency. The SEM images of the mesoporous TiO2-SiO2 films and the pure TiO2 film are shown in Figure1. (c) and (d). Compared (c) with (d), it is obvious that the image (c) shows a porous structure. On the one hand, the porous structure can reduce the reflection of light and enhance the light utilization efficiency of the film. On the other hand, it also can enhance the adsorption of dyes, thereby enhancing the photocatalytic effect. At the same time, the porous structure can greatly increase the surface roughness of the film to increase the specific surface area and increase the adsorption of hydroxyl to enhance the hydrophilicity of the film. Meanwhile, the addition of SiO2 can increases the hydroxyl content of the film surface and increases the hydrophilicity of the film. 
Optical properties
The images of the optical transmission of TiO2-SiO2 (T-S) films and TiO2 films at different volume fractions and photos of TiO2-SiO2 and TiO2 films under a metallographic microscope are shown in Figure2. From Figure2. (a) ,it can be seen that all the films exhibit very high transmission, mainly due to the presence of mesoporous in the film, which reduces the reflection of the film. At the same time, the transmittance of TiO2-SiO2 film is higher than that of TiO2 film, mainly because the SiO2 can enhance the light transmittance of the film. The images of TiO2 films and TiO2-SiO2 films under a metallographic microscope are shown in Figure 2. (b)(c)(d)(e)(f) . From image (b), we can find that the TiO2 film has many cracks, and the film formation quality is poor, and a colourful texture appears. The films in the image (b) and (c) shows less cracks and the image (e) and (f) shows smooth and uniform. It is mainly because SiO2 can improve the adhesion between the film layer and the glass substrate and reduce the visual color difference [18] and light reflection, and finally improve the utilization of light. 
Superhydrophilicity
The hydrophilicity of the film was evaluated mainly by the water contact angle (θ). When the contact angle was lower than 90° and higher than 5°, it shows hydrophilicity. While then θ was lower than 5°, it showed superhydrophilicity. The contact angles of water droplets for films with different composition ratios are shown in Figure3. As it can be seen from the figure3 (a) and (b), both the pure TiO2 and the mesoporous TiO2 have a slightly larger contact angle after light irradiation. The mesoporous TiO2 has a smaller contact angle than the pure TiO2 mainly because the water droplet is adsorbed on the surface of the film in the frontal concave hole and forms a solid-liquid composite surface with the film surface, and the remaining water droplets are spread on the solid-liquid composite surface. Therefore, water spreads faster on a porous surface than on a flat surface and the contact angle is smaller. With the addition of SiO2, the contact angle of the film rises at the beginning and then decreases. The main reason is that when SiO2 is introduced, SiO2 can inhibit the grain transformation and grain growth of the TiO2, which increases the specific surface area of the film and increase the surface hydroxyl group of the composite film [19] , and enhance the adsorption capacity of water raises, finally leading to the superhydrophilicity of the composite film. When the Si (V％) content reaches 20%, the water contact angle is the best at 0.75°. When the amount of SiO2 is too large, the surface of the composite film will be occupied by more SiO2, and the photocatalytic activity will be reduced, and the hydrophilic nano-domains will not be easily generated by light excitation, so its hydrophilicity is also reduced. 
Photocatalytic properties
Degradation of methyl orange was used to evaluate the catalytic performance of the catalyst. After the prepared sol is dried into a gel, the colloid is crystallized into a catalyst powder in a horse boiling furnace under the same conditions as the thin film is crystallized in high-temperature, and then powder is washed and dried. Take 15mg of methyl orange, and dissolve it in 1L of deionized water, then stir to make it dissolve evenly. Put 20 mg of catalyst powders of different compositions into 50mL of methyl orange solution and decompose it catalytically under ultraviolet light. The efficiency of photodegradation of methyl orange by different compositions of catalysts and the absorbance of different compositions of catalysts are shown in Figure4. From Figure4. (a) we can get that TiO2 has the highest absorbance, with the incorporation of SiO2, the absorbance gradually decreases. This is mainly in the ultraviolet region, only TiO2 can absorb ultraviolet light under illumination. When the amount of SiO2 is gradually increased, SiO2 will coat TiO2 and reduce its absorbance, affect its light energy utilization, and thus reduce its photocatalytic effect. From Figure4. (b) we can find that the photocatalytic effect of pure TiO2 is poor, and the effect of mesoporous TiO2-SiO2 system is obviously better than that of pure TiO2.This is because the introduction of SiO2 mainly improves the surface acidity of TiO2, and the surface acidity can contribute to the formation of strong hydroxyl groups on the surface of the film. These hydroxyl groups can capture light generated holes, inhibit the recombination of electrons and holes, and the strong oxidized hydroxyl generated can increase the photocatalytic efficiency. At the same time, the increase of surface acidity can also form a better adsorption site, improve the adsorption effect on methyl orange and be more easily degraded. SiO2 also inhibits the transformation of TiO2 from anatase to rutile phase, and anatase TiO2 has a better photocatalytic effect [20] . The photocatalytic effect of TiO2-SiO2 film with mesoporous structure is better than that of ordinary TiO2-SiO2 film, which can be mainly attributed to its mesoporous structure. The mesoporous structure of the film reduces the reflection of light and enhances the absorption of light. The utilization of light improves the photocatalytic effect. This kind of structure also enhances the adsorption of methyl orange, which facilitates photodegradation. In the figure, as the amount of SiO2 gradually increases, the photocatalytic effect increases at first and then decreases. The main reason is that the introduction of Si can increase the photocatalytic efficiency. However, when the amount of Si further increases, the TiO2 particles are easily coated with SiO2. As SiO2 itself is of no photocatalytic activity, it will reduce its catalytic effect. Therefore, a better photocatalytic effect can be obtained by introducing SiO2 reasonably. 
Film Stability
The standard cross-cut method was used to measure the adhesion of the film and further to verify the mechanical properties of the film [21] . Meanwhile the hydrophilicity of the film was measured after a week's light irradiation to check the stability of the film. The prepared film was soaked in concentrated sulfuric acid and hydrogen hydroxide respectively for 3 days and was preserved in the dark for a week. The adhesion test before and after the acid-base treatment are shown in Figure5. From Figure5. (a) and (b) ,it can be found that the TiO2 film appears cracks after the treatment.Figure5.(c) and (d) show that there is no change in the TiO2-SiO2 film before and after the treatment, indicating that the adhesion of the TiO2-SiO2 film with the substrate and the stability is better than the TiO2 film. The water contact angles before light irradiation, after 30minutes light irradiation, and after one week of dark treatment are shown in Table1. It can be found that the film still maintains good hydrophilicity after one week, and even when the amount of SiO2 is 20%, it still maintains 2° and exhibits super-hydrophilic. This mainly due to that when TiO2 is composited with SiO2, the physical adsorption of water on the surface of the TiO2-SiO2 film diffuses to SiO2 under light irradiation and is adsorbed by SiO2, which as result becomes a stable physical adsorption water layer. When light irradiation is stopped, the adsorbed water on the surface of SiO2 can stabilize the Ti 3+ and -OH structures on the surface of the TiO2, and the TiO2 surface can maintain hydrophilic properties for a long time in the dark. Therefore, the prepared films have good stability. 
Conclusion
A self-made liquid flow device was used to obtain mesoporous TiO2-SiO2 thin films by using Sol-Gel method and P123 and PEG as mixed template agents and incorporating different ratios of SiO2 to TiO2. Through the measurement on characterization of the film, optical properties, wetting properties, catalytic activity and stability, the following conclusions can be drawn: The mesoporous structure of the film can reduce light reflection, improve the utilization of light, and enhance the photocatalytic activity. At the same time, mesoporous mesopores can enhance the adsorption of water to the film and improve its superhydrophilicity. The incorporation of SiO2 can increase the number of hydroxyl groups on the surface of the film, thereby improving the hydrophilicity of the film, and increasing the specific surface area of the photocatalytic film and finally enhancing the photocatalytic activity. In the meantime, the incorporation of SiO2 can improve the adhesion between the film and the substrate, enhance the stability of the film, and stabilize the hydroxyl and Ti3+ on the surface of the film in the absence of light, thereby maintaining long-lasting hydrophilicity and even super-hydrophilicity; It was found that when the SiO2 incorporation ratio is 20%, the prepared mesoporous TiO2-SiO2 film has the lowest contact angle, higher photocatalytic activity and optical transmittance, and has good stability and sustained hydrophilicity and showed self-cleaning properties.
Author Contributions: Conceptualization, Xinguo Ma and Chen Chen; Formal analysis, Xinguo Ma and Chen Chen; Project administration, Chuyun Huang; Supervision, Shijie Dong; Methodology, Xiaobo Chen; Writingoriginal draft,Chen Chen; Writing -review & editing, Xinguo Ma.
